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In offering this book to tlie patron^ of the Assistr 
ant Engineer, I would wish to remark, that the book 
is composed of notes that I have long been collecticg. 

Every Engineer has his private book of Rules, 
that should he want for memory in the field, he has 
only to refer lo his book. 

This book I have intended for the same object 

For the benefit of the young Engineer, I have 
inserted the art of leveling, running levels (aa it h 
termed) in plain language, from pr lim'na j u y 
to the construction of a railroad th m n f 

taking cross sections of the road b d and t(j g 
slope stakes, with its rules. Eve y t tu 1 th 
book has a tendency to attract the tt t n 1 b tl 
the Assistant and the young Engineer. 
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Tables that would be more used by the Asastant 
Engineer, are inserted, which can be relied upon as 
correct, as I have taken tbeni from reliable authors. 

In the art of leveling, I have made no allowance 
for tlie Earth's curvature, as in practice upon rail- 
roads no allowance is ever made. 
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RAILROAD ENGINEER'S 

POCKET COMPANION 

FOR THE FIELD. 



EXPLANATION OF LETTERS AHD TEEMS. 



B. 8. Back sight, F. S. Fore sif;ht. 

'fit. S. Intermediate eiglit H. Im. Height of iuatrament 



CURVATURE. 



To find the radius of curves, from the deflexion 
angles, from chord to chord. (Chord 100 fL) 

As angle of deflexion 

Is fo tile length of the chord, 

So is 57.3 to radius. 

To find radius of curves, fi'om the deflexion dis- 
tance, from chord to chord. (Chord 100 ft) 
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POCKET COMPANION. 

The square of tlie chord, divided by the deflexion 
distance. 

Example. — Deflexion distance = 3. yYff f*-! 
Square of chord 10,000; 
3.49)10,000(2865, radius. 
To find tiie radius of a curve, from the deflejiion 
angle, on chord of 100 ft. 

Divide the radius of a one degree curve (5,730) 
by the degrees of deflexion of 100 ft. 
To find radius of a segment of a circle. 

Square of half the chord, added to the square of 
versed sine, =^ square of chord of half the arc; and 
squiire of chord of half the arc, divided by versed 
ane, = diameter, i = radius. 

When the angle at vertex is given, and radius, to 
find the tangent point. 

SCLES. 

Multiply nat. tangent of half the whole angle in 
the curve, by radius of curve; will equal distance 
from vertex to tangent point. 

When the distance from vertex to tangent point, 
and angle given, to find radius. 
ficij: B. 

Subtract the angle a b c, (Fig. 1) which is half the 
angle add, from 90°; IJie remainder will be the 

Then say; As nat. sine of 6 c a is to nat sine of 
a i c, so is a 6 or 6 (i to the radius. 
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Having ^ven the angle a b d, {Fig. 1) it is 

quired to find the point aord, at which to 

a curve, of a given radius. 



Subtract half the angle a b d from 90°, the re- 
mainder will be the angle b c a or b e d; tlion take 
the natural tangent oi b c a or b e d, and multiply it 
by the given radius; the product will he b a or b d. 

Having the ^ven radius (Fig. 1) a e, or deflexion 
angle for 100 ft., of a curve, and the angle a b d,'a 
is required to find the number of chords of 100 ft. 
that wiU coustitute the curve. 



Subtract the anj 
tlie remainder by tl 

Having the angle at vertex (Fig. \) e b d, (which 
is the number of degrees in the curve,) and deflexion 
angle for 100 it, to find the number of chutes in that 



Divide the number of degrees at vertex by defiex- 



With the distance a b or b d, and radius a c given, 
e from/to 6, (Fig. 1-) 
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EsAKPLK. — Suppose the distance from a to J = 
511 ft, and radius= 1,910 ft., 

Then 511' = 261,131-r- 3 X 1,910= 68.2, Answer. 



When the distance ab orb dh given, and distance 
/b, (Fig. i) to tind radius. 

Diride the square of the distance a b oi b d hy 
the distance / 6, equals twice the length of radius, 
■J- = radius. 

Example. — Suppose the distance /i equals 68.2, 
and ab OT b d equal 51 1. 
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CURVATURE. 9 

Statement.— 511' = 261,121 -j- 68.2 - 3,820 -h 
2 = 1,910, radius. 

To find tUe radius corresponding to any given 
angle of defleaon, and to equal cliords of any given 
length. 

Subtract the ^ngle of deflexion from 180°; then 
say; as nat, sine of angle of dellesion, is to nat. sine 
of half the remainder, so is the given chord to the 
radius required. 

Example. — Let the angle of deflexion be 2°, and 
the chord 100 ft., required the radius. 

Then 2°-— 180°- lV8°^ 2 = 89°. 

Statembst. — 0.0349 : .999848 :: 100 : 2666, radius. 

To find the circumference of a circle, when the 
diameter is given, or the diameter, when the circum- 
ference is given. 

Multiply the diameter bj 3,141G, equals circum- 
ference; or, divide the circumference by 3.1416, 
equals diameter. 
2A As 7 is to 22, 

So is the diameter to the circumference. 
Or, as 22 is to 7, 

So is the circumference to the diameter. 
To find the length of an arc or circle, containing 
any number of defies. 

Multiply the number of degrees in the given arc, 

iiosi.db> Google 



. POCKET COMPANION. 



Note. — The circmnfBrenoe of a circle, whose diameter ia 
1, is 3.UIB ; it foUowB, tbat if 3.1416 be divided by 360", 
tbe quotient will be tlie length of aa arc of 1 (tegi-ee, >> 
aO087266. 



To find the length of any arc of a ciicle. 

Subtract the chord of the wliole arc from 8 times 
the chord of half the arc, and J of the remainder is 
the length of the arc, nearly. 

When the cbord of tte arc, and tie ehord of half 
the arc, are gives. 

From the square of the chord of half the arc, sub- 
tract the square of half the chord of the entire arc; 
will equal the square of the versed sine; estj'act the 
square root; wiQ equal versed me — the vei'sed sine 
and the chord given — the square of ^ the length of 
the chord, added to the square of the versed sice, 
and square root of the remainder, will equal chord 
of -J the arc; raiUtiply the remainder by 8, subtract 
the chord of tbe whole arc, and divide by 3, equals 
length of arc. 

To find the circumference of an ellipses. 

Half the sum of the two diameters, mulljplied b» 
3,1416; the product will equal cirouajference, 
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= g 


P 


-fl 


g 


= S 




■SB 


= 






M 




^i 




t§ 






S S 


■aS 


SS 


■^S 


SS 


■J^S 


MX 


&= 


■aS, 


= B 


"^'^ 


"% 


-Sii 


=^ 


■ss 


<= 




■'a 


« 


"a 


K 


■=Q 


S 


T7 




TT 




TT 




O i 




015 


22930 


815 


095-1 


1615 


353-8 


2415 


2380 


30 


11460 


30 


674-G 


30 


348-4 


30 


2356 


45 


7640 


45 


655-5 


45 


343-3 


45 


233-3 


1 


5730 


9 


637-3 


17 


338-3 


2S 


931-0 


15 


4584 


15 


6211-9 


15 


333-7 


IS 


328-7 


HO 


3820 


30 




30 


323-7 


30 


22li-5 


4o 


3274 


45 


5Bbl-4 


45 


324-8 


45 


224-3 


3 


2865 


10 


573-7 


18 


3196 


26 


299-3 


15 


9547 


15 


559-7 


15 


315-2 


15 


220-G 


30 


2292 


30 


54G-4 


30 


311-0 


30 


2!80 


45 


9084-0 


45 


533-8 


45 


300-9 


45 


216-0 


3 


1910 




521-7 


19 


3029 


27 


2142 


15 


1763 


15 


510-1 


15 


299-4 


15 


212-9 


30 


1637 


30 


499-1 


30 


2953 


30 


9103 


45 




45 


488-5 


45 


291-5 


45 


908-5 


4 


1433 


12 


478-3 


20 


987-9 


38 


906-7 


15 


1348 


15 


408-7 


15 


284-4 


99 


199-7 


30 


1274 


30 


4593 


30 


3809 


30 


193-2 


45 


1307 


45 


450-3 


45 


377-0 


31 


187-1 


5 


IE46 


13 


411-7 


21 


274-4 


32 


181-4 


15 


1092 


15 


433-4 


15 


271-1 


33 


1760 


30 


1043 


30 


425-5 


30 


268-0 


34 


171-0 


45 


996-8 


45 


417-7 


45 


afS-0 


35 


166-3 


6 


955-4 


14 


410-3 


29 


263-0 


36 


161-8 


15 




15 


403-1 


15 


260-0 


37 


157-6 


30 


883-0 


30 


396-a 


30 


257-4 




153 6 


45 


849-3 


45 


389-6 


45 


254-6 


39 


149-8 


7 


819^> 


15 


383-1 


23 


950-8 


40 


146-9 


15 


7908 


15 


3769 


15 


348-1 


45 


136-5 


30 


764-5 


30 


370-W 


30 


245-5 






45 


7399 


45 


3650 


45 


349-9 






8 


7I6'8 


16 


359-3 


24 


2405 







b> Google 



B POCKET COMPANIOS. 



To find the radius corresponding to any givei 
angle of deflexion, and to equal chords of auy givei 
length. 



say; as nat* sine 

of half the remainder, so is the given chord t 

radius required. 

Fig. 2. 

b 




With the chord and yersed sine given, to find the 
radius. 

The square of half the chord divided b^ versed 
sine ; to which add the versed sine, and divide by 3. 

Example. — Suppose we have an arc (Fig. 2) with 
a chord a d oi five feet, and versed sine e b two feet, 
what is the radiua o c f 

Statement.— 5 -=- 3 = S-S' = 6-25 -r- 2 = 3-125 + 
2 = 5a25 -^ 2 = 2-5625, radius a c. 

We have two tangents with their courses given. 
We wish to unite those tangents, with a curve of a 
given radius. 
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Suppose we have a tangent whose course is N. 30° 
E., (t'ig. 3) which we wish to unite with a 3° curve 
to a tangent whose course ia iS. 60° E. We here 
find we have the difference of courses to he 100°. 
According to Rule 8, page 1, aad Kule 20, page 14, 
we have 3,333rVir ^t- ^ •'"n. We start on the first 
giren tangeat, and run 3,333/„'^ ft. If our curve 
does not form a tangent of the line g e, but touches 
the point c, we measure in a line the same course of 
the first tangent, JPi 30° £!., to its intersectjon, which 
distance you measure backward or forward for P. 0. 

%. 3. 



Example. — We have the tangent a b, JV. 30° E., 
and tangent e g, S. 50° H. ; we wish to join those two 
tangents with a 3° curve. 

Statement.— r. jVi 30° E. and T. S. 50° E.= 
100°, angle of deflexion, which makes 100° in the 
curve; consequently, the number of feet in the curve 
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14 engineer's pocket companion. 



{chords 100 ft,) = 100" -h 3 = 33 stations and 33-^5=,^ 
ft. = 3,333-fij'^ ft We start from the tangent a b, at 
the point I, and run 3,333,jyij ft., turning off for a 
3° curve, and find, whea arriving at our tangent, wo 
are 250 ft. from the line, aa i^ c; wc then return and 
measure the same distance on tlie Uingent a I from 
/. to P. C. 

With the angle at vertei given, and degree of 
, to tind how many feet constitutes the 



Example. — We have the angle at vertex =- 100^, 

ations and 33//j 

If there is any number of feet Jess than 100 ft,, in 
your curve, to find how many degrees and minutes 
to turn off. 

Say: as 100 ft is to the number of feet you wish 
to run, so is the number of degrees and minutes to 
the number of degrees and minutes you wish to find. 

ExAMPi-B. — Suppose you turn off in every 100 ft., 
1° 30', how much will it be necessary to turn off 
in 33 ft? 

Statement. — 100:33::!° 30': 30', Answer. 



Suppose you have a 
minutes, than you turn off in 300 ft, to find the 
number of feet necessiry to measure. 
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CURVATCRB. 15 

As the whole number of dtfjrees and minutLis is 
to the number of degrees and minutts jou wish to 
turn off, so is the chord, 100 It to the number of 
feet required, 

EsAMPLB.—- We turn off in 100 ft- 1° 30', we wish 
to find the number of feet to measure for 30'. 

SiATKMBNT. — 1° 30' : 30' : : 100 : 33, Answer. 



Fig 


*• B 


a^_^is^^^^ 


~^>^«r 


'\ 


/\ 



With the angle a b d, (Fig. 4) and distance a 
given, to find radius a c. 

Half the angle ah d taken from 90° = angle a c 

Then say: as nat. sine of a e 5 is to nat. sine ■ 

a i e, so is the given side a 5 or S i to the radius a 
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Note. — This rule ts ofteu used in compounding curves, 
whore the cuiro jou hare ran does not fit the tangent, b; 
lueastiriiig from a given poiut, on a tangent, to curve ah'Ciuly 
run, to th« Isngent you wish to eomiect, as i i (Fig. 51 and 
measuring the angle cdl, and proceed according to rule Q3. 

Thus in Fig. 5, we run our curve to n, and find 
that it does not come in tangentially lo the tangent 
b I, therefore to save loss of lime, in long curves, 
we retrace our steps to the point c, and muiisure 
tangentially to curve a c, as c rf to the tangent 6 I, 
■'' angle cdl, and form a new radius, 



mcpo 



Fig. 5. 



We oftentimes have two different angles in a line, 
and in such close proximity that it is required to put 
in reversed curves (Fig, 6) that will connect with 
the greatest possible radius; we then wish to find 
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CURVATURE. 1 

the greatest radius a h and e g that will connect th 
taiigcRls with a reversed curve. 




Half the angle ah e taken from 90" leaves the 
angle hhetyt ahh, and half the angle h n d taten 
from 00° leaves the angle e g n. From the table of 
nat. tangent tfike the nat. tangent ai h h e ax ahb 
and nat tangent of the angle e. g n and add tliem 
together. 

Then say: as the sum of these two nat tangents 
is to the nat tangent oi h k e, so is the distance h n 
to i«. 

Again, in the triangle h k e, bs, the nat, sine of the 
angJe b k e, opposite the given side b e just found, is 
to the nat sine of the angle h b e, oppoate the 
required dde h e,so\sb eXo h e, the radius required, 

ExAMPLB.— Let the angle « i » be 71° 40', the 
angle b nd 129° 15', and tlie distance A m be 950 ft, 
what is the length of the radius k e or e gl 
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Statbmbnt 1st. — Tl° 40' -T- 2 = 36° 60' — 90 = 
54° 10'. 

139° 15' -H 2 = 64° 37J-' — 90 = 25° 22^'. 

Nat tangent of 54° 10' = 1-3848. 

Nat tangent of 25° 22^' = 0'4743 + 1-3848 = 
1-8691. 

Sura. H.iei>g.M°10'l><i *< 

Then as 1'8391 : 1-3848 ::9oOft.: 707-63 ft 
Again, 950 — 707'63 = 242-37 ft = e )i. 

Statement 2d.— 0-8107V5854 ::' 707-63 :5I0'97, 
radius required. 

Hence, we have the distance h e and eg = 510'97 
ft., and distance h e 707-63 ft., and distance e n 
342-37 ft, and degree of curvature equal to 11° 16' 
for chords of 100 f' 

The radius of a curve is always at rigfat angles with 
its tangent 

When running curves with a compass, or transit 
instrument, always turn off on the vernia, one-half the 
number of degrees as contains degrees of curvature; 
because when running with an instrumeut, you are 
running tangenliai angles instead of deflexion angles, 
and the tangentid angle equals one-half the deflexion 
angle. 



b> Google 



0BDINATE8. 19 

ORDINATES. 
To find ordinates on chords of 100 ft. 

The product of the segment, divided bj twice tlie 

Example.— Suppose the radius = 2'865 ft ; what 
would be the ordinate for 25 ft.? (Chords 100 ft.) 

25x75-^-5,730 = 0-327. 

Rule for getting tie ordinate for 50 ft. and 25 ft 
approximately. 

For an ordinate of 50 ft., divide tlie deflexion 
distance for 100 ft. by S. For 25 ft. three- fourths of 
the ordinate for 50 ft 

Example. — Suppose the deflexion = 3°, which 
deflexion distance = 5'235 -f- 8 " 0'654, ordinate for 
50 ft., and tiiree-fourths of 0-654 = O'401, ordinate 
for 25 ft 

To find the middle ordinate fo any given radius, 
and to any ^ven chord. 

From the square of the radius, subtract the square 
of half the chord, and take the square root of the 
remainder from the radius = middle ordinate. 

Example. — What is the length of the middle ordi- 
nate d e, (Fig. 1) the radius a e being 2'5625, and 
chord abbtl. 

Staimk NT.— 2-6625' ~ 2-5'' = /-31G406 -= -5635 
— 2-SC2j = 2 ft, middle ordinate. 



b> Google 



TABLE OP ORDINA.TES — CHORDS 100 FT. 



b> Google 



TABLE OF ORDINATES — CHORDS 100 FT. 



!1 
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Subtract tbe tabular cosine ol' the tangential angles 
from 1, and multiply the reminder by the radius. 
(Chorda 100 ft.) 

Example. — Eadius 819 ft., angle of defle.wn 
would be 7° to chord of 100 ft; wiiat will be the 
leugth of the middle ordinate? 

Statebest. — Here tabular cosine of the tangential 
angle 3^° — -998135, wbich, subtracted from 1 = 
■001885, which, multiplied by radius, 819 ft.,= 
ordinate, I '5 2 8. 

Eg. 1. 




Having the middle ordinate d e 
required to find any other ordinate, i 

BCI.BE. 

Subtract the middle ordinate d e, from the radius 
a c, the remainder will be e c; from the square of 
the radius a c, subtract thu square of the distance o t 
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or e n, and extract the square root of the remninder; 
this square root will be o c; subtract e c from o c; 
the remainder will be o e, which is equal K> i )*, the 
required ordinate. 

Example. — The middle ordinate d e (Fig. 1) of a 
100 ft chord a 6, to a ra<lius of 819 ft. - 1-52 ; it is 
required to find the length of the ordinate i n 20 ft. 
fiom the middle one d e. 

8T1TEMEBT.—-8J9 — 1-528 = 81 7-4J2. 

Again,819'=G70761 — 20'= V670fl61 = 818-'756 
= e— 817-472 -1-284, will equal o e or s n, the 
required ordinate. 

To find middle ordinate approximately. Chord 
J 00 ft. 

ncLE n. 

Multiply the ordinate of a 1° curre by the defiex- 
ioii angle of 100 ft This rule is sufficiently close for 
curves of not less than 500 ft. radius. 

2d. Multiply the chords together, and divide by 
twice the radius. 




Multiply one-half the length of the rail hy c 
fourth its length, and divide by the radius. 
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-Rail 24 ft. long, radius 5T30, 



Statbmebt. — 2i 



■-^~ 12 = ^ the length of rail. 
^1= B^l the length of rail. 
5730 = 0-01, ordinal* r ' ' 



e of the length of 



Then 6x12 

2d. Take one-fourth of the ! 
(he rail, and divide it by twice 

An approiimat* rule for calculating the middle 
ordinate of a sub-chord, whea the middle ordinate is 
given. (Chord 100 ft) 

As the square of the length of the wliole chord is 
to tlie square of the length of the sub-chord, so is the 
middle ordinate of the chord to the middle ordinate 
of the sub-chord. 

Example. — Chord 100 ft,, middle ordinate -218, 
what will be the middle ordinate of the sub-chord 
50 ft. ? 

Statement.— 100" : 50" : : '218 : '0545. 

Fig. 3. 



In running a curve for track, after the grading is 
done, it is necessary to put in intermediate ordinates, 
if the curve exceeds 1° ; (Fig. 3) these intermediates 
are from 10 to 20 ft. apart, and instead of running 
these intermediates with an instrument, the best 
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method Is, after your points are put in witli an instru- 
ment 100 ft. apart, to draw a small cord or twine, 
as a b, and measure off your ordinates with a gradu- 
ated rod, or with the leveUng rod. 
NoTJt. — Refer to Rule 1, page 13 for intermedia tea or to 

When the chord and radius aro given, lo find mid- 
die ordinate. (Chord 100 ft.) 



DEFLEXION DISTANCE. 

To find the deflesion distance for 100 ft., with any 
given radius. 

The si^uare of the chord divided by the radius. 

Divide the constant number 10,000 (chords 100 ft.) 
by the radius in feet, equals deflexion distance. 

To find the deflexion dist-ince for any ^ven radius 
for chords of 100 ft. 

Divide the given chord by radius, will give the nat. 
sine of the d^exion angle, which, multiplied by the 
chord, will equal the required distance. 



lie-half llie deliexioi 
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In putting in curves hy df^flBxioii distances it is 
quite necessary, for accuracy, to measure both on tlie 
iine of defiesion and chord of the arc, as o S and a c, 
(Fig. 1) by first finding your point 6, and swinging 
your chain to c, and measuring your deflexion dis- 
tance on the line b c. 

In commencing your curve on the tangent e d you 
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! your distance fd, and lay off a d equal to 
one-liaif b c, or one-half the deflexion distance, as a d 
is tbe tang;eDtial distance, and the tangential distance 
is equal to one-half the deflexion distance. 

If you wish to put in intermediates, as it frequently 
occurs, at the end of a curve. 

HIII.E i. 

Find your deflexion distance for 100 ft^ string a 
line, and put in the required ordinate. 

To find the deflexioD distance for any number of 
feet less than 100. 

Take the deflexion distance for 1 00 ft. and multiply 
it by the required chord, and divide the product by 
the length of the whole chord, 100 ft,, and subtract 
the ordinate corresponding in feet and degree. 

ExAMPLK. — We wish to get the deflexion distance 
for 25 ft., for a 15° curve. 

Statement. — Deflexion distance equals 26'11 ft, 
therefore : 

26-11 X 25— 652-75 H- 100 = 6'5275. 

Now the ordinate of a 15° curve for 25 ft. = 
2-462, and 6'5275 — 2'402 = 4-0655, deflexion dis- 
tance for 25 ft. 

NoTE.—The above Rule is sufficipntly close for all prar- 

Where it is required to find the deflexion or tan- 
gential distance for more than 50 ft., subtract the 
distance to be found from 100, and find the ordinate 
corresponding to the remiunder in feet. 
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To find the deflexion point for any number of feet, 
at oommencement of curves and ending, where the 
distance is Jess than 100 ft. 



In (iomniencing a curve, multiply the tangential 
distance in feet by the number of feet in the chord 
you wish to find, and divide tiie product by the 
length of tlie whole chord, 100 ft., and mCiisure the 
distance on the end of a 100 ft. chord; then a line 
drawn from this point to the P. C, the length of tlie 
chord measured you desire to find, on this Me, is the 
point of deflexion. 

To end your curve; Take half the deflexion dis- 
tance for 100 fL, then multiply the remaining distiince 
{which is the tangential distance,) by the number of 
feet you wish to tind, and divide the product by the 
length of the whole chord, 100 ft., and measure on 
the tangonliid distance, the distance just found; then 
string a line from this point to the last station given, 
attd measure, on this last given line, the distance 
requiriid, will give the T. P. or K O. 

To form a tangent to the curve; Measure as many 
feet more on the tangential distance, and a line drawn 
from the last given point to T. P. or E. C. will be 
the course of the tangent. 

Example to Rgts 6. — Suppose in commencing a 
curve we wish fo find the deflesion distance of 25 fL 
as at r, (Fig. 2) for a 15° curve. We take the tan- 
gential distance c / and multiply it by 25 ft., and 
divide by 100 ft, (the length of the whole chord,) 
will equal the distance c s ; now if "we measure in the 
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line b s 25 ft. from i to r, at r 
will be the reqiiired point. We 
then measure 100 ft. from t to 
d, in line with b r, and meas- 
ure the deflexion distance d e, 
equal to twice cf, for our next 
full station. We then measure 
100 ft on the line r e from e 
to the point h, and measure the 
distance h i for our next station, 
go on to the last station. 

Example to Rule 1. — Sup- 
pose in ending our curve we 
wish to find the deflexion dis- 
tance for 25 ft^ to conclude the 
curve; (Fig. 2) suppose i to be 
the last station in the curve, 
and the point f 25 ft., t« be 
the E. C.\ we produce the 
line e t to A: 100 ft. from i, and 
measure one-half the deflexion 
distance, ko^l, then multiply 
the distance k I hy 25 ft., and 
divide by the length of the 
whole' chord i k, 100 ft., will 
equal the distance I m, and on 
the line drawn from m to i, 25 
ft. measured from i to < ji thi'i 
line i m, will be thi, r qun d 
point. To firm a t ing^nt to 
the point t, measure m v equal 
ta I m, wJl form the tm, 
( n to the carve 



Fig. 2. 
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TABLE OF DEFLEXION DISTANCES. 



1 . 




LeagtIlo'Cl 


.rd»mr..U 




Il 










100 


75 


50 


25 


30 


■879 


0-579 


0-347 


0136 


45 




0B99 


0-491 


0-304 


1 


1-745 


1144 


0-654 


0-373 


30 


2-618 


1-7] 7 


0983 


0408 


45 


3-054 


2-003 


1-145 


0-476 


Q 


3-490 


a-390 


1-309 


0-545 


30 


4-363 


3-863 


1-636 


0-681 


45 


4-799 


3-419 


1-799 


0-749 


3 


6-235 


3-433 


1.963 


0-818 


30 


6'108 


4-008 


3-390 


0-954 


45 


6-544 


4-395 


fl-454 


1-033 


4 


6-980 


4-5S1 


a-617 


1-091 


30 


7-fi53 


5-153 


3945 


1-337 


45 




5-440 


,B-108 


1^95 


5 


8.7aa 


5-723 


3-370 


1-363 


6 




6'870 


3-936 


l-(i35 




lii-2i0 


8-011 


4-577 


1-906 


g 


13-950 


9-152 


5-239 


9-] 77 


9 


15.680 


10-386 


5-875 


3-446 


10 


n-430 


11-435 


6-539 


2-720 


11 


19170 


12-575 


7-184 


3-990 


13 


90-940 


13738 


7-850 


3-268 


13 


33-6.10 


14-848 


8481 




14 


a4'370 


15-980 


9-197 


3 795 


15 


36-110 


17130 


9-778 


4-0G5 



If two lines vary any number of degrees, lo find 
the distance approximately at their extremities. 



Say; If lie y vary 1-745 ii 
vary thirty times as much i 
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100 ft,; if it is more thau 100 ft,, make a second 
statement 

Example. — Suppose we have an angle of 30° and 
400 ft. long, what is tlie distance apart at their 
extremities t 

, Statbment.~As 1° : 30°:: 1-745: 52'35; 62-35 is 
the difference for iOO ft 

Then as 100 ft.:400 ft; :52-36:309'4, the differ- 
ence for 400 ft. 

Suppose we run a line, on a given course, with 
tlie intention of striking a certain point, and find that 
we deviate from that point, to find the course of the 
second line that will unite these two points on a 
straight line. 

Multiply the difference of variation in feet by 57'3,* 
and divide the product by the length of the line, the 
quotient either added or subtracted, as necessity re- 
quiies, will be the course of the line that will unite 
the two points together. 

Example. — Suppose the difference of variation = 
209-4 ft, and length of line 400 ft, and course iK 
29° 59t' E., what would be the course of the second 
line, if the point desired is iK TPi of tlie line run ? 

Statement. — 209-4 X 57-3 -^ 400 = 29-9965 = 
20° 59|'. 

Then course N. 29° 59f '^— 29° 59|- = course 

jv:o° E. 

arlj- ) io auch pans as tbe 
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DEFLEXION ANGLE. 
To find the deflexion angle correspondiug to any 
given radius. (Chords 100 ft.) 

Divide the chord by the radius; the quotient wili 
he the natural sine of the deflexion angle; therefore, 
the numher of degrees corresponding to this sine, in 
the table of nat. sines, equals the deflexion atig;le. 

The deflesion angle may be found by dividing the 
radius of a 1° curve, 5730, by the radius in feel, 
(approximately.) 

To find the deflexion angle for any plus distance, 
orleas tban 100 ft. 

Multiply one-half the deflexion angle by the plus 
distance, and divide the product by 100 ft, (length 
of whole chord,) and add it to one-half the deflexion 
angle. 

Exam p LB. — 
by deflexion d 
angle for 25 ft. 

Statbmbbt. — 15" -1-2 = 7° 30', one-half the de- 
flexion angle. 

Then, 7" 30'X25 = ]87° 30'^100 = 1° 52^'. 

Then, 1° 52^' + 7° 30' = 9° 22i', deflexion an- 
gle for 25 ft. 

-For deflesion angles corresponding to any given 
radius, refer to table of radii, page 11. 
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TANGENTIAL DISTANCE. 
To find the taiigentiiil distance for any r^idius, on 
chords of 100 ft. 

Divide the square of half the chord (50 ft.) by tlie 
radius, and multiply the quoliont by two. 



To find the tangential distance for any number of 
feut less than 100. 

Mulliply the tangential distance for 100 ft, by the 
mimber of feet required, leas than 100 ft., and divide 
the product by 100 ft., and from the quotient take 
the ordinate correspondiag to the degree of curvature 
and feet; will equal the tangential distance for the 
required number of feet, less than 100 ft. 

To find the tangential distance for any number of 

Divide the square of the chord ^ven by twice the 
radius. 

In running curves with equal choida on more 
than 100 ft, the tan^LnUal distances increase as the 
squares of the number of chjids thus tar 2 3, 4, 
6, 6 chords, 4, 9 16 25 3tJ mulUph d into the 
tangenlja! distance of 1 chord will equal each tan- 
gential distance re=pei.tnelj 
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Or; tlie square of the length of the chord divided 
by twice the radius, will equal the tangential distance 
for any number of fecL 

TABLE OF TANGENTIAL DISTANCES. 



°4 




Length „t a, 


nrd. in F^l. 




It 










100 


15 


50 


25 


30 


0-43fi 

oa,54 


0-945 
0-3(>7 


0109 
0-164 


0-097 
0-040 


J 


0-873 


0190 


0218 


0054 


30 


1'309 


0-7311 


0337 


0-081 


45 


1-597 


0-858 


0381 


Ofl95 


a 


1'745 


0-981 


0-436 


0-109 


30 


2183 


1-227 


•■0 546 


0-136 


45 




1-349 


0-599 


0-150 


3 


3ei8 


1-473 


0-655 


0-163 


30 


3054 


1-717 


0-763 


0-190 


45 


sara ■ 


1-841 


0-818 


0205 


4 


3-490 


1963 


0-879 


0218 


30 


3337 


a-209 


0-982 


0246 


45 


4145 


&331 


1-036 


0-259 


5 


4-361 


1-4.53 


1:039 


0979 


30 


4-793 


9-698 


M99 


0999 


45 


5 015 


a-sao 


i-a5a 


0319 


6 


5-935 


2 944 


1-308 


0336 


7 


6105 


3-433 


1-.594 


0-380 


8 


6-975 


3-994 


1-741 


0433 


9 


7-840 


4-406 


1-355 


0-486 


lO 


8-715 


4-899 


9-174 


0-541 


11 


9-585 


5'387 


2391 


0-594 


13 


10-470 


5885 


2-615 


0-G50 


13 


U340 




a-831 


0-703 




laaio 




3047 


0-755 


15 


1.M80 


7-348 


3263 


■ 0-808 
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TANGENTIAL ANGLES. 

To find the tangential angle for a chord of 100 ft, 
with any g^vcn radius. 

Divide half the chord by the radius; the quotient 
will be the natural sine of the tangentml angle; and 
the angle covresponding to this sine, in the lable of 
nat ^es, is the angle required. 

! for any number of 

Multiply the tangential angle by the number of 
feet given, and divide the product by the length of 
the whole chord, (100 ft.) 



Statbmknt. — 7° 30' X 25 ft -=- 100 ft = 1° 52^', 
tangential angle for 25 ft. 

Sometimes in running curves it is not necessary to 
set points in every chord, or 100 ft., and is more 
expedient, as running curves on a preliminary survey. 
They can he put in every 2, S, or 400 ft, as you 
choose. We wish to find the tangential angle for 
any number of chords. 

Multiply the tangential angle for 100 ft. by the 
number of chords you wish to subtend, will equal 
the tangential angle required, 
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EN&tNEER a POCKET COMPANION. 



es. the cc 



Willi a chain foreach Bl .. ., 
Instead of tliia tlia chain ii 
chord ; Che diffi^reoce of distance is so comparativelv small 
to a radii of 500 It, that it is not iK^eeE^saiy we should meas- 
ure around, or make an allowance on the chain ; but in run- 
ning curves with longchordeof 3, 4, orSOOft, itisnecessary, 
for accuracy, to make sufficient allowance, for which I will 
put in a table of ionf; chords the lengths necessary to sub- 
tend from Ito 4 stations. 

TABLE OF LONG CHORDS. 



. 


LengU. 


of Chords in F 


eft required to 


SM..i. 


jt 




















1 StaUDO. 


2 stations. 


3 Slilinus. 


i S..,ti,m,. 


° 


100 


200 


300 


4110 


2 


100 


200 


2999 


3!t9-7 


3 


100 


ano 


2!)9'7 


399-3 




100 


199-9 


a99-S 




5 


100 


199-9 


299^ 


398-0 




100 


199-7 


298-a 


397-3 


7 


100 


199-6 


398-4 


33G-2 


8 


100 


1996 


2980 


395-1 


9 


lUO 


19a-4 


397-5 


334-1 


10 


100 


199-2 


9970 


392-4 



To find the length of long chords. 

Multiply the natural sine of the tangtsntiiJ ano-l* 
of tlie given chord by twice the radius. 

Example. — The tangential angle for one station = 
5°, and radius = 873-7 ft ; what would be tlie length 
of the chord of four stauons! 
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Statement. — Tte tangential angle for four stations 
would equal 4X5°= 20°, and nat sine of 20° = 
■3420201; twice the radius = 1147-4 x -34:20201 = 
392-4, length of chord necessary to subtend an ari 



TRIGONOMETRY. 
a giren, (Fig. 1) and hypotheniiae ^Ten, 



By natural sines.— As unity, or one, is 4o the 
length of the hypothenuse, so is the natural sine of 
the smallest angle to the length of the shortest leg. 




ExAMTLB. — Given the angle 6 a c 35° 
hypothenuse 25 rods; to find c 6, 

SiAisMRNT.— 1 : 25 ; : 0-580703 : I4'5175. 
To find the length of the leg a b. 
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The difference of the Bums of the squares of the 
legs a c and e 6, and estraet the square root; will 
equal the leg a h. 

Example. — Giren the leg a c 25 rods, and leg c 6 
14-5175; to find the leg a b. 

Statement.— V"25" — 14-5176' -= 20-35. 

To find the leg a b, (Fig. 1.) 

By nat. sines. — As uniiy, or one, is to the nai 
sine of the angle a c 6, so is the hypothcnuse to tije 



Statembnt.— 1 ; 0'8141155 : : 25 : 20-35. 

ind leg a b ^ven, (Fig. 1) to find the 
c, and leg b c. 

By nat Mnes. — As the nat sine of the angle oppo- 
site the given leg a 6 is to the length of given leg, 
so is unity, or one, to the length of the hypothenuse. 

Example. — Given the angles a c !/ 54° 30', and 
6 a c 35° 30', and leg a b 20-^5^ rods; to find the 
leg a c. 

Statement.— 0-8141155:20-35 : : 1 : 25. 

Eefer to Rule 2, page 38. 

To find leg c 6 by nat. sines. 
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As the nat sine of the angle a c 6, opposite the 
^ven. leg, is to the given leg, so is the nat. sine of 
the angle b a c, opposite the required leg, to tbe 
leg c b. 

Example.— Given the angle acb (Fig. 1) 54° 30', 
and angle b ac 35° 30', and leg a b 20^„\ rods; 
to find the leg b c. 

Statbmbnt.—0'8141156:20-35:;0-5SOVOS: 14-52, 
leg b c. 

The hypothenuse and one leg ^ven; to find the 
angles and the other leg. 

By nat. sines.— The angle opposite the given leg 
may be found by the following proportion : As the 
hypothenuse is to unity, or one, so is the given leg 
to the nat. sine of its opposite angle. 

ExAMi-LE. — Given the hypotlieniise a c 25 rods, 
and leg a b 20'35 rods; to find the angles. 

Statembbt. — 25:li :20-35:8141I55, nat sine of 
the angle acb; tlie nearest corresponding number 
of degrees and minutes in the table of nat. sines gives 
the angle acb 54° 30', and the angle a b c being 
90°, the angle b ac would be 35° 30', because in a 
light-angle triangle there is always 180°. 

The leg a c ^ven, (Fig. 1) and angle b a c, lo find 
the other leg, a b, by cosine. 

Multiply the cosine of the angle b a e by the 
hypothenuse a e. 
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Example. — Given tlie liypothenuse a c 25 rods, 
and angle 6 a c 35° SO' ; to tint! the leg a />. 

ST4TEMEBT.— 0-8141X55 X 25 = aO-35, length of 
the leg a b. 

The leg a h found, (Fig. 1) to find the leg b c by 
nat, tangent 

Multiply the base by the nat tangent of the angle 
opposite the reijuired leg. 

Example — Given tbe leg a h 20-35, and angle 
S a c 35° 30' ; to find the leg b c. 

Statement.— 0-713293 X 20-35=- l.i-5, tiie re- 
quired leg li c. 

The angle a e b, and leg 6 c, ^ven, (Fig. 1) to 
find the leg a b, by nat tangents. 

Ifukiply t!ie nat. tangent of the angle a c bhy the 
leg b c. 

Example. — Giren the leg 5 c 14-5, and angle acb 
54° 30'; to find the leg a b. 

Statement.— 1-401948 x 14-5 — 20-35, length of 
leg required, a b. 

Sohaimi of a Right-angled Triangle. 
The sine of the angle e equals the cosine of the 



The tangent of the angle a equals the cotangent 
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of the angle c, and the tangent of the angle c equals 
the eotangout of tlie angle u. 

The leg a b divided by the leg a c equals the nat. 
Bine of the angle a c 6, or the nat. cosine of the angle 
b a o; the leg be divided by thf leg a b equals die 
nat tangent of the angle 6 o c, or the nat cotangent 
of the angle ac b; the leg i c divided by the leg a c 
equals tlie nat. sine of the angle b a c, or the nat. 
cosiuG of the angle a c b. 



In running liues, obstrucliona, viz : rivers, ponds, 
&c., occur, by which other means have to be resorted 
tc^ besides measuring wilh a chain. 



The point c occurs on our line b c, and we wish' 
to know the distance b e. 
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Frora 6 at right angles to the line b c measure any 
convenient <listance, as a, and secure the point a; 
measure the angle b a c; then mulliply the nat tan- 
gent of tlie angle b a a hy the distance a b ; will 
e(jual the distance b c. 




a "should nr t have a hook of tables of 
nit tangents, the aboie method could he resorted to, 
with ntdrly as much accuracy as the method given 
in Fig 2 

Thp point c occunmg m the line, (Fig. 3) we wish 
to know the diist^nce b c 

At tJght angles from h e measure on the line h d 
to a ind secure the point a, any convenient point, 
dn3 mei'-ure any coniement distance, as rf, and at 
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right angles describe the linede, with your instni- 
ment, at a, on the line a e, produce it to e, intersecting 
the line d e. 

Tlien with the distance b a, a d, and d e, given, 
the distance b e can be found proportionately to the 
triangle a d e. 

Say : As the distance n d h to a b, so is d e \a b e. 

Example. — Given the distance 6 a 20 ft., distance 
ad la ft., and distance rf e 1 1| ft ; to find the dis- 
tance 6 c. 

Statement.— As 15:20: :ll^:15^^f'j fL 



Fig. 4. 




Given b, the inaccessible object, and d b part of the 
line of survey; we wish to find the distance from 



on the line a c {at right angles with a b,) 
mvenient distance, as at c; then at right anglei 
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to S c run the line c rf to its intersection with the line 
db at d, measure the distance a d, and the distance a c, 

Tlien say ; The square of o c divided hy ad equa,ls 
a b, the distance required. 

Example.— Given a c 26 fL, and a d 13^ ft.; re- 
quired the distance a b. 

Statement.— 2G'H-13-i- 60 ft., distance ah. 




building. 



Set your instrument any convenient distance, e, 
neither too great nor too small, in comparison to the 
ftlfitude d c, and measure the angle b a c, and raeas- 
use the distance a b ot e d; you then have, in the 
right-angle triangle, one mde given, and the angle bac. 

Multiply the nat, tangent of the angle S a c by the 
distance a b ; will equal b c. 
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NoiE, — Tlie pniiit at ftoan be observed, and nfterwarda th 
Jistanee b d can be measured, which, added to i c, will de- 
ter raiiie the distance c tL 



In finding the height of an object !et the o' 
angle be as near 45° as possible; for then a small 
error committed in taking it, makes the least error in 
the computed height of the object; because, if the 
observed angle, as at a, equals 45°, the distance a b 
will equal h e. 

It very seldom occurs, in the construction of a rail- 
road, to measure verticle heights with an instrument 

In running levels, if (he top of a hill is found 
inaccessible to find the elevation with a leveling 
instrument, we have to resort to the eiamples ^ven 
by triangulation. 

Fig, 6 




Wheo it is necessary to determine tho elevation of 
a hill as in Fig. 6, the elevation at d, is found with 
the leveling instrument, as w ill be explamed tn the 
Art of Leveling. 

Example. — Set your instrument over d, and meas 
ure the angle b a c, and distance a h , you then have 
for the triangle b a c, the angle and OEe leg given. 
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to find tlie other leg, b c, as in Fig. 5; which, added 
to the height of your instrument, a from d, will equal 
e c; and added to your elevation d, will equal the 



THE ART OF LEVELING. 

The first thing necessary in leveling, is to have the 
requisite instruments in adjustmenL 

To Adjust a Level. 
In the commyn Y les el there are three adjuslments, 

1st Adjustment. — Plaee the instruaient in a firm 
position, and unelamp the Y's; place the horizontal 
hairs on some distant object, and revolve the tele- 
scope half around, if the hair intersects the point 
first observed, the mstrument is in adjustment, thus 
far; if not, move the hairs halfway distant, between 
the two points of intersection, by means of the screws 
on the telescope, generally marked "HdrB," and by 
revolving the telescope, the hairs will intersect our 
given point. The vertical hairs can be adjusted the 
same way. 

2d AnjuSTMBNT. — With the instrument firm, as 
before. — Fasten the telescope over the leveling screws, 
and level it exact; then take the telescope out of the 
Y's and reverse it; if the bubble is level, this adjust- 
ment is correct; if not, divide the difference of the 
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bubble (one-half,) by means of the screws under the 
bubble, and level the remainder by means of the 
leveling screws. This process for the second adjust- 
ment hardly ever proves correct the first lime ; there- 
fore, repeat the above, until the telescope, when 
revolved in the Y's, on every screw, the bubble will 
be level. 

3d AnjnsTMEJJT, — After the above adjustments, 
fasten the telescope on the Y's, by means of pins 
generally used; place your telescope over the level- 
ing screws, and bring llie bubble to a level, and 
repeat it on all the screws, so as to get the telescope 
as level as possible before commencing the adjust- 
ment; then placing the telescope over any two of 
the leveling screws, and level the bubble; rovei-se 
the telescope half way on the pivot, or, as near as 
possible over the same screws; if the bubble is level, 
t!ie adjustment is correct, if not, move the bubble 
half way, by means of the screws under the leg of 
the Y, and level the remainder by means of the 
leveling screws. By continuing this process on all 
the screws, the adjustment can be perfected. 

Note. — The last adjustment is im material, only in saving 
time and trouble when using. The difference (if there ia 
any,) is so comparatively small> ttiat it is not observable. 



The third adjustment never will remain in adjust- 
ment on most of levels, so that no trouble need be 
borrowed when it is found that your level will not 
reverse correctly. The adjustment of the level /low 
being complete, we will proceed to its use. 

In preliminary surveys, or lociition of railroads, 
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levels have to be run (as it is termed) to ascertain 
the exact surface of the ground, in order to establish 
grades. In commencing levels, an elevation is estab- 
lished upon a given point. This pwnt is generally 
made by cutting on the root of a tree and is termed 
a "Bench." These benches are established on the 
entii'e length of the line, perhaps one-half to three- 
quarters of a mile apart, for reference pdnts. 

This elevation is generally estimated above, so as 
to reach the lowest point of the surface of the ground 
that should occur in your levels. For instance : The 
lowest point of ground we guess to be 50 ft. below 
the first established bench, and Igr safety would call 
the bench elevation 60. We set up our level firm 
in the ground, not to exceed 400 ft from the bench, 
and near the line we wish to run the levels over, and 
take what is termed a back sight (marked B. 8.) on 
the bench, by holding the staff, or leveling rod, on 
the bench, and moving the target of the rod to its 
intersection with the horizontal hairs in the telescope; 
what the rod would read at this intersection, would 
show that our instrument would be that number of 
feet and parts above the bench. For instance ; Sup- 
pose the rod read 3-^^\^j; ft, therefore, the elevation of 
the instrument would be 63-416. 

When we have the height of the instrument ^ven, 
it shows very plfunly that if you take a ^ht at any 
^vea point, the elevation would be as much less as 
the rod would read. For instance: Suppose the 
rod at any point, or station, (as stations of 100 ft are 
used in the location of railroad lines,) should read 
lOy'^^j, which are termed fore, or intermediate sighl, 
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(marked F. S.) the elevation of that point takea 
would be 53-218; or, 63'416 — 10-198- 53-218; 
consequently, these fore sights should be subtracted 
from the height of the instrument, or elevation of the 
instrsment, lo give the elevation of stations.* In 
order to keep up the same corresponding elevations, 
on the entire length of the line, me change our instru- 
ment on some substantial point, as a peg or stone, 
by holding the rod upon the peg; heing a fore sight, 
we subtract it from the height of the instrument, 
which gives the elevation of the peg, and is tlie same 
as a bench. Suppose the rod reads on tlie peg 
8-747, and instrument is 63-416; 63-416 — 8-747 = 
64-689, elevation of peg. | 

We have the elevation of the peg, and can move 
our instrument further on, and set up our instrument 
firm in the ground, as before, and take a "back aght" 
on the peg, by holding the rod upon the peg, and 
notice the reading as before. Suppose the rod to 
read 1-201 ; it shows that our instrument is 1 foot 
and -fVViT above the peg; consequently, if we add it 
to the elevation of the instrument, thus: peg = 
54-669, rod reads 1.201 + 54-669- 6.5-870, height 
of instrument, and proceed as before, taking interme- 
diate sights, subtracting every intermediate from the 

* These fore sights are raore properly termed intennediale 
sights (marked I. 8.) whicb we will hereafter term them, and 
fore sights wiil be termed as at changes of the instrviment, 
after running the level of intermediates, not t« exceed 400 
it. on either side of your instnirasnt, 

t In practice, whether you change your infitniment upon 
a peg, Etoiie, stump, or anything suitable, it is tetmed a peg. 
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height of the instrument. It is i 
carry out the reading of the rod of the decimals, 
(when taking inl«rmediates,) fartlier than hundredths, 
as 2-27, 416, 8-11, Ac, and in most cases tenths is 
far enough, as 2-2, 4-1, 8-], &c., ifec. 

Intermediates, or plus stations, should be taken 
when the ground varies to any amount; discretion 
on your own part must govern that. It is evident 
tliat if you were running levels over an uneven 
ground, as Fig. 1, and should take the elevation at 
station 1 and station 2, that you lose, or there would be 
a loss in the estimate of the quantities, or if for the pur- 
pose of establishing grades, a correct line could not 
be drawn, as a uiaas disuetion is go^tmed bj the 
correctness of the ptofile oi levels taken, thertfon,, 
a level should be taken at a, also at b c d and the 
plus station noted in the book of kvfla then jou 
have the correct shape of the ^und 
F.g 1 



To explain the foregoing mire intelligiblj w ^ill 
refer to Figs, 2, 3, and 4 

Our established beni-h elevation 60, is at A, on the 
root of a stump ; our line to run is in the direction of 
d, consequently, we would set our level at c, not to 
exceed 400 ft. from the bench A; in directing our 
level at the target/, we find it reads 3-416; then 
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OUT leTel would be that number of feet and parts 

above the point a ; bench elevation is 60, elevation of 

icstrument would he 6'' ' "-"" on.iia. ^ 

take the elevation of the 

4, 5, 6, Ac., reading 

the nearest tenth of 

a foot, on the rod. 

StalJon 1 reads 3'5, 

therefore, 63-416 — 

8-5 — 59916, or 69-9 

elevation of station 1. 

Station 2 reads 3-3, 

then 63'4 — 33 = 

60-1. Station 3 reads 

3-6, then 63-4 — 3-6 

= E9'8. Station 4 i"- 

reads 3'7, then 63-4 

— 3-7 = E9-7. Sta-"- 
(ion 5 reads 3-6, (hen 
63'4 — 3-6 = 59'8. " 
Stalion 6 reads 3-0,. ^ 
then 63-4 - 
59-5. Station T readi 
4-8, then 63-4 — 4-8 
= 58-6. Station 8 
reads 5'8, then 63-4 

— 5 8 — 57-6. Star 
tion 9 reads 8.4, then , 
63-4 — 8'4 = 55.0. **■ 

We will change our instrument at stalion 9, for 
convenience. We drive in a peg, firm into the 
ground, at or near the station; the rod reads 8-747, 
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_ 8-747 — 54-6139, elevation of the peg 

u Fig. 3, to/. After firmly setting our 
e take a back sight on the peg 6. Sup- 
pose it to read 1'201, the instru- 
_ ment would be that number of 
feet and parts above the peg. 
a Elevation of the peg we found 
to be 54-669; the elevation of 
^ the instrument would be 54'669 
" + 1-201 = 55-870. We now 
J, have the elevation of the instru- 
■" ment again. For intermediates, 
o Station 10 reads 2-2, then 55-8 
~ _ 2-2 =- 63-6. Station 1 1 reads 
a S'l, then 55-8 — 3-1 = 52-7. 
Here we should take an eleva- 
3 tion at a. Suppose it to he 50 
ft. from station 11, as found by 
— M measurement; then the plus 
station would be noted 11 -|- 50. 
" — ~ Station 11 + 50 reads 3'4, then 
s 55-8 — 3-4 = 52'4. Station 12 
^--^S reads 3.1, then 55-8 — 3-1 = 
527. Station !3 reads 2-6, then 

§55-8 — 2-6 = 53-2. Station 14 

reads 2-1, then 55-8 — 2-1 =■ 

'" 53-7. Station 16 reads 1-8, then 
__ „ 55-8 — 1-8 ^ 54-0. Station 16 
reads 2.8, then 55-8 — 2-8 = 53-0. Station 17 reads 
3-2. then 55-8 — 3-^ = 52-6. 

We will change our instrument by driving a peg 
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lear station 17, and finding its eleratjon.* 
_ (the F. S. on tlie peg reads 3-776, then 
height instrument S5'870 — 3'775 = 52096 = eleva- 
tion of peg; we then move our instrument to/, (Fig-. 
4} and take a B. S. on the peg. Suppose it to read 
2-000; elevation peg 52-095 + 2-000 = 54.095 =■ 
height of instrument. Then p 




IT U 



Station 18 reads 3-0, then 54-1 — S-O— 51-1. 

Station 19 reads 2-9, then 54-1 — 2-9 = 51.2. 

Station 20 reads 2-7, then 541 — 2-7 = 51-4. 

Station 21 reads 2-5, then 54-1 — 2-5 = 51-6. 

Station 22 reads 3-6, then 64-1 — 3 6 = 50-S, 

Station 23 reads 4-4, then 54-1 — 4-4 = 49-7. 
Here at station 23 we have come to a stream, and 
it is quite necessary to get its shape, width, and char- 
acter, "We have got Sie elevation of the top of the 
slope of the river at stadon 23 ; we take an elevation 
at c, at the bottom of the slope of the creek, and 
notice its plus distance from station 23. Suppose it 
to be 25 ft.; then 23 + 25 would be the bottom 

• Wten changing, the ^levalioiiB stould be exact. 
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slope of the stream. We also get the elevation of the 
bottom of the slope on the opposite side d, and no- 
tice the pjiis station. Suppose it to be 85 ft. from 
station 23, then it would be 23 + 8a, bottom slope 
of stream ; and station 24 would also be taken, as we 
very seldom miss stations, wherever they may occur 
We have the top slope 23, and two bottom slopes 23 
+ 25, and 23 -|- 85, and to complete the levels of the 
creek we want the top slope of opposite side. Say 
it is 75 ft. from station 24; then elevation at 24 -f- 
75 gives the shape of the river's banks and bottom. 
Also to govern the masonry, or bridging, over this 
stream, the elevation of high water mark is taken. 
Thb will be readily found by inquiry, if ao signs on 
the banks are visible. 

Other very important things have to be obsen-ed 
and placed under remarks, which your own discretion 
must lead you. 

We will establish a bench befoi-e proceeding far- 
ther. Say, for instance, we cut a notch on the root 
of the stump ff. Suppose our rod, or F, 8,, reads 
4-005; height of instrument 54-095— 4'005 = 50'090, 
elevation of the bench. The elevation of the benches 
are generally marked on the stump with either red 
chalk or paint We secure this elevation at ff, and 
along the line at intervals, to avoid the trouble of 
going back to the first established bench, A, Fig. 2, on 
the line. For instance: Suppose it is reqiured to 
find the elevation of station 25, or wished to stake 
out a bridge, or stone culvert, in the stream at some 
future day. We, instead of running from the first 
established bench, ^ake the established bench ff, by 
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setling our instrument saj at/, the most convenient 
point, and do tlie worlt required. 

We proceed with our levels as before, and estab- 
lish benches, or elevations, not to exceed three-quar- 
ters of a mile apart 

It might he necessary to state, for accuracy in 
running levels, that the rod should be plumb, or poiot 
to the centre of the earth; also the bubble of the 
level should always be level. Accuracy depends 
both upon the leveler and rodman. 

I will here give the manner of keeping a field- 
book for running levels. 

NoTB. — In mnning levels, alwaja add the back sigiits, 
wliieh will give the ulBiatioii of tlie instruiiioiit, and eiibtract 
tJie fore or intermediate sights, will give the elevation of Uie 
peg or bunch. 

MANNER OF KEEPING FIELD-BOOK. 
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In leaving the work at night, benches should be 
made, so that when you choose at any time to go to 
work, you have a conyenient place to commence, and 
accurate. 

After the levels are run the work is plotted and 
grades are established. 

Grades vary in their ascent according to circum- 
stances, and are governed by tJie discrelion of the 
engineer in chaise. They intend however to equal- 
ize the excavation and embankment as near as pes' 
sible. Grades sometimes can be improved, and are 
governed by the contracts taken to grade the road. 

Grades have elevations as well as the surface of 
the ground. We will assume the grade at Station 



b> Google 



s: ART OF LEVELma. 



1 to be 58'000 and 

that it equalizes the 

We then have elevation at 

Station 1 = 58-000 

" 2 — 57-780 

" 3 = 57-560 

" 4 = 57-340 

5 = 57-120 

6 = 56-900 
" 7 = 5Q-680 
'■ 8 = 56-460 
" 9 - 56-240 
" 10 = 56-020 
" 11 =-55-800 
" I2 = 55'580 



Station 13 — 55-360 
" 14 = 55^40 
" 15 = 54-920 

16 - 54-700 
" 17 = 54-480 
" 18 = 54-260 

19 = 54-040 
« 20 = 53'820 
" 21 = 53-600 
" 32 =■ 53-380 
" 23 = 53-160 
« 24 = 5ii-940 



With the elevation of the surface of ground, and 
the elevation of grade, their diiference would be the 
cut or fill. For instance 

Elevation of the surface Station 1 = 59-9 

grade " . 1 =58-0 
Difference = 1-9 

Tlie difference shows the cutting 1-9 as the surface 
elevation is the greatest, and at Station 11 Surface 
elevation = 53-7, Grade elevation 55-8, difference 3-1, 
fill, as the surface elevafioa is the least. When the 
esfimates in cubic yards have to be made, (as they 
are generally made approsimately from the profile) 
the cutting and filling is easily ascertained by cal- 
culating tlie grade for every 100 feet, and taking the 
difference of elevation as just shown. 

When a line is located, the gi-adea are then es- 
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tablished, and construcLion commences. We then 
have different fitld books, termed Gmde Book, Crosa 
Section Book and Monthly Estimate Book. 





MANNER OF KEEPING GRADE BOOK. 
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The benches are al! entered in the back part of 
the grade book for reference when necessury. In 
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the grade book we have the cuts and fills worked 
out, but in the staking out of the work, these cuts 
and fills are merely used for tests. Engineers gen- 
erally have in all their work test points for reference, 
which all should have, to avoid the many mistakea 
tliat wi!l occur- 
In staking out work the grade point or where the 
excavation and embankment commences, is always 
found with its distance from the station joinmg, and 
a stake put in to guide the contractors in commencing 
their work. 

The grade points are generally marked in the 
cross section book* 

Cross sections are cuts and fills taken at right 
angles lo the line of tliu road, any distance from the 
center line that should seem necessary by the engineer. 
Cross eectiona are taken with the level, but more 
plus stations are taken, than in running levels, as the 
disoretJOD of the engineer may direct him. Cross 
sections are tiiken to get as near as posable the 
amount of cubic yards excavation and embankment^ 
as contracts are taken of the work, to complete at a 
given price per cubic yard. On very level ground, 
cross sections are taken at every station. On very 
uneven ground crotis sections are taken as often as 
your judgment dictates. 

Before proceeding further, we will explain the man- 
ner of getting the cuts and fills with a level in the 
field 

•This crasB Ejection book is more propsrlj termed Original 
Cross Section Buok, as tbcre alsu is the Final Cross Section 
Book, 



b> Google 



i POCKET COMPAfflON. 

"Witli the grade book we liave tlio elevation of 
grade. We go into the field, say at station 21, and 
set up OUT level, and take a B. 8. on the bench g, 
(Fig. 4,) and find the elevation of our instrument, 
suppose the elevation of the bench to be 50.090, 
and rod reads 6-112,tlien 50-090 + 5-112 — 55-202, 
elevation of instrument. Suppose we wish to com- 
mence at station 19, with our cross sections. We 
would refer to the grade book at stalion 19 and find 
the elevation of grade at that point — 54-040. We 
now have the elevatiou of our instrument and the 
elevation of the grade at station 19. Now if we 
subtract the elevation of the grade from the eleva- 
tion of the instrument, the difference shows that our 
instrument is that number of feet and parts above 
the grade line at stalion 19. For instance r 

Elevation of instrument " 65-202 
grade = 54-040 

Difference of elevation = 1-162 
Then our instrument at station 19 is 1.162 feet above 
the grade line. We will get the cut or fill .at station 
19. Suppose our rod to read, at station 19, 40, (the 
nearest tenth of a foot,) it would show our instrument 
to be four feet above the surface of the ground, and 
if our instrument is 1-162, (or nearest t«nth,) 1-2 
above the grade line, and 4-0 above the surface, we 
sec that if we take their differences, it will ^ve the 
fill or cut at station 19. Tlien — ■ 
Elevation of instrument above surface of ground = 4-0 
grade =1-2 
Difference => 28 



b> Google 



61 

2-fi is then the fill at station 19. We tlien liiKe our 
cross section at station 19, subtracting the height of 
instrnment above the grade line, l-'2, from the height 
of the instrument above the surface, will equal the 
cut or fill at station 19, any distance at right angles 
from the station or center line. 

We see that our instrument at station 20 {by refer- 
ence to a profile) would not be 1'162 above the grade 
line,' but would be more as the grade descends. We 
have found that the grade descends 0'-^^ per 100 feet 
Then if we add 0-22 to the instrument above the 
grade line at station 19, will equal its height above 
the grade line at station 20, Then elevation of 
instrument at station 19 = 1-162; descends 0-22 per 
100 feel, or station, then 0-23 + 1-162 — 1-382; 
height above station 20 = 1-382. 

We will suppose the rod reads at station 20, 4-0, 
the same as station 19, then 4-0 — 1-4 (nearest tenth 
of 1-38) = 2-6 till, or 2 feet and 6 tenth is the differ- 
ence between the grade line and the surface of the 
ground at station 20. 

We can continue this process to all the stations, 
until it becomes necessary to change the instrument. 
When we change, the elevation of the instrument we 
have preserved — 55-302, and change on a peg, as in 
running levels, subtracting the sight on the peg for 
its elevation, and after the instrument is set up again, 
add the Mght to the elevation of the peg, and jou 
have the height of your instrument again, and pro- 
ceed as you commenced. 

Sometimes we find our instrument below the grade 
line. We will suppose that the rod reads on the 
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bench g, (Fig. 4,) 2'950 ; this added to the bench 
would give the elevation of the instrument; bench = 
50>090 + 2-960 = 63-040, height of instrument 
Grade at station 19= 54-040. Now we have the 
elevation of the instrumeTit, less than the elevation of 
the grade — 

Thus, elevation of instrument = 63-040 
" grade at stat. 19 = 64-040 
Difference of elevation — 1-000 
Shows that our instrument is 1 foot below the grade 
line. Now if our instrument is below grade, the 
sights on the surface must be added Ui the elevation 
of the instrument, to give the difference or distances 
of the grad hn t tb surface. Suppose the rod, 
or sight, at stat n 19 ads 1-8. We would see that 
the surfac f u d was 1 foot and 8 tenths below 
the inst um ut, and th instrument is 1 foot below 
the grad hn th f the distance from the grade 
line to th su ta f the gromid, would be their 
sum. TIju 

Elevation of instrument below grade = I'OO 

" " above surface ^1-8 

Difference of surface and grade line = 2-8 
2-8 would be the £11 at station 19. 

When you come to grade, the elevation of the 
instrument above the grade line, and its elevation 
above the surface of the ground, will be equal. 

For example, suppose the instrument be 1'3 above 
the grade fine, and surface of the ground 1-2, the 
difference is 00, and is the point of grade. 

If the elevation of the surface and elevalion of 
grade are equal at any point, that part of the surface 
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of tBe ground is grade, or the point where the exca- 
vation iind embankment commences. Thus, 
Elevation of grade = 54-0'10 
Elevation of surface of ground = 54-040 
Difference = O'OO 
In taking cross sections, the elevation of the instru- 
ment; should he preserved for changing — and to he 
correct, you should keep a fable of both your eleva- 
tion of peg and instrument and height of instrument 
above the grade line at each and every station. To 
show more plainly, we will make a sketch of the 
work already done : 

Bench = 50-090 

B. a = S'llB 

H. Inst. =- 55'202 

Change Inst., F. S. ^ 2-2U 

Peg = 52-991 

B. S. = 0-049 

H. Inst, = 53-040 

Also, — Grade at stat. 19 = 54-040 

H. Inst. = 55-202 

H. Inst, at stat. 10, above grade Une = 

Grade descends 0-23 per 100 feet =^ 

H. Inst at stat. 20, above grade line = 

H. Inst, at stat, 21, above grade line = 

H. InsL at sta. 22, above grade line = 
&c., &c. Change instrument. 
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We Lave the height of instrument again, 53'040, 
md will commence at station 19 again to show the 
nanner of keeping notes with the instruiuent below 



H. Inst at sta. I 




The sign of plus and minus can be annexed to 
the above, to show that the instrument is above or 
below grade line. Thus, -f- = above, — below. 

In runnmg from statioa 19 down the grade, we 
notice tliat we add the descent, per 100 feet, to the 
height of the instrument when plus, and when minus 
we subtract, because when the instrument is above, 
the further we run on the descent the greater the 
height of the instrument from the grade line, as much 
greater as the descent per 100 feet; and when the 
instrument is minus, we subtract the descent, because 
we near the grade line every 100 feet, as the descent 
of the grade per 100 feet 

Sometimes, in staking out work, it is not n' 
Fig 5. 
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1x) cross section further than where the slope stakes 
would occur, as in Fig. 5. 

The above shows a cross section, a b c, with the 
slopes a e /c, determined, and slope stakes a c put in. 

The slope of a r^road is governed by the materia! 
of which it is composed. 

The excavations are governed the same as the 
slopes of embankments; the width at the top is 
governed by the width of track or material. We 
will assume it to be li feet 

III making a cross section of the above, we will 
assume slopes of 1^ feet horizontal to one foot verti- 
cal, as the required slopes. Suppose we take a level 
at b, (surface of the ground and center of the road,) 
and find the fill to be four feet. We mark the stake 
b with red chalk, "4 feet fill," (this b to guide the 
contractor,) and measure out from b, on either aide 
towards a, one-half the width of the road bed, 7 feet, and 
take the cutting or filling. From this filling, we can 
judge of the point for a slope stake a, if the ground 
does not vary too much; if it should, we keep trying 
until the exact point for the slope stake is found. 
For example, we take the level at a, and find 
tliat there is 3--^ feet fiUing, and, by calculation, 
slopes 1-4 to 1, we measure from the center 7 feet, 
and base of slope S'-j^, making in all 1o measure 
from the center line, (as one end of the tape or chain 
should always be kept at the center stake to avoid 
confusion in changing from one side to the other,) 
would equal 1 S^Y- W'e take another sight if it varies 
much from the point in which we took our sight, 
and make the same calculations again. It may vary 
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2 or 3 tentiis in the distauce from tbe point last found, 
but if the ground is level, or nearly so, the required 
distance can be measured for the dope stake. You 
go through the same process on the opposite side 
for the slope stake e. We now see that if the eon- 
tractor fills in i feet at 5 to (i and 7 feet from d to e, 
and 7 feet from d to/, and carries the dirt out to the 
slope stakes a and c, that the slope of the cross sec- 
tions would have IJ- feet horizontal to 1 foot vertical. 
Slopes more gener^ in use are 1^ feet horizontal to 
1 vertical; 2 feet horiaontal to 1 vertical; 1 horizon- 
tal to 1 vertical. Calculations for slopes will be found 
iu the following rules; 

Slopes 1-^ to 1. — With the filling or cutting given, 
to find the length of the base of the slope. 

One half the cut or fill added to the cut or fill 
where it is taken. 

Example, — Given the filling 3-8, to find tte base 
of the slope. 

Statbmeni,— i of 3-8 = l-O + 3-8 =- 5-7. 

Slope 2 to I.- — With the filling or cutting given as 
before, to find the base of the slopes. 

Multiply the cutting or filling by 2. 
Example. — Given the filling 3-8 to find the base 
of the slope = 3'8 X 2 = 7.6, 
Slope 1 to 1 — 
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The base is equal to the filling or cutting;. 
Ekamplb. — Given the tilliog or cutting 3-8; ttea 
the base would equal 3'8. 



CROSS SECTIONS. 

The number of cross sections to be taken will be 

as the engineer's judgment goTerns him, but we will 

five a few examples necessary to correctness in side 
ill ground entering from a cut to a fill. The follow- 
ing figures 6, 7 and 8 will represent the cross sections. 

In leaving the cut (Fig. 6) a cross section should 
be taken where the grade point occurs at the bottom 
slope as at a, also a cross section should be taken 
(Fig. 7) where the grade point occurs at the center 
B; also where the grade point occurs on the opposite 
^de c. (Fig. 8.) 

Cross sections taken in tliis manner, give the shape 
of the ground aa near as can be got at. We also 
have them in plane figures. The area of Fig. 6 to 
correspond with the area Bed (Fig. 7) and Pyd 
a B e, also the Pyd Bed, the area a B e to 
correspond with the area a b c (Fig. 8). The 
quantities in this manner are got as correct as is poa- 
able. Cross sections aroundcurves should not exceed 
50 ft apart when the average form is used tor calcu- 
lating quantities. 

Henck gives a formula for estimating the quantities 
in curves, but it has been adopted only by a very 
few engineers, if any. My mode is most in practice 
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by eminent engineers at present, but there is no 
doubt that the manner in which Henok and also 
Trautwine do their work will come into general 
practice, as the immense quantities of earth that is 
estimated by the average form would be very ma- 
terially diminished. 



a I'ig. 6. 
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BORROWING PITS 
Consist of borrowed earth from a hill or side of a 
mountfdn, when the earth in the cut is not sufficient 
for the embankmenta 

It very often occurs where earth has to be bor- 
rowed io Unish up embankments; sometimes it is 
taken from ditches; sometimes knolls are cut ofi^ and 
sometimes it is taken out of the side of hills and 
mountains. This amount taken out has to be ascer- 
tained in cubic yards. 

T/ie Mariner of Measuring Borrotoing Fits, io as- 
certain the Quantities faiien out. 

The object in the first place, ia to make original 
surveys or cross sections; and secondly to make cross 
sectJons, (after the earth b taken out) to cirrespund 
with the original crois secljons In order Uj do thi= 
points must be established in the ongmal su ley thit 
can be referred to when you wish to make the se ond 
survey. Sometimes it has to be mea^uied monthly, 
to make monthly estimates 

In order to get correct measurements we will es 
tablisha line, (called a Base Line) along the baae of 
tl 1 11 between two pouits. tliat will cover the 
I ngth f the area, tor security the fomta wi will 
est bl 1 upon the roots of some stumps and in a 
d t hn oetween these two points, put in stations 
a d p!u tations as often as i*. i jnyderi-d necessary 
F m these stations, at ngbt angles to the established 

* This is governed altogether by tlie eagiueor's judgment. 
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line, measure with the tape or chain, and where it is 
necessary take sights with the level, and ascertain 
the elevation, or cut or fill aboveacert^n ^ven point. 
Continue on this measurement and elevalioiis back as 
far as will cover the area to be excavated in that 
direction; contanue the same process at every station 
and plus station. The notes will be entered in the 
original cross section book. 

If it is necessary to make a monthly estimate, the 
base line ia- found, aud stations and plus stations are 
put in as before, and measurements are commenced 
as before. This is entered into the monthly cross 
section book. 

When the work is completed, a final measurement 
has to be made, by finding the base line, and proceed 
as in making the original survey. 

These elevations are taken with the level. A base 
Ime of levels is established for the pit, and when 
rights are taken, the notes show the elevation of the 
ground, either above or below the established base 
hae of levels. When the last survey is made, where 
the earth has been taken out, the difference of eleva- 
tion at their corresponding points would show the 
depth of earth taken at these points. 

When those measurements are made, they are 
plotted upon paper, which will show the area of the 
cross section. 

For example, suppose a 5 (Fig. 9) to be the base 
line of levels. 

The ori^nal levels commence at the base line of 
stations, 1 foot 5 tenths above the base line a 6, and 
at the top of the hiil, or the extent of excavation, the 
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elevation is 13 feet 4 tenths above the base 
When tbe second measurement is made, we li 
the station to be the same as the original, 1 t 

Fig. 9. 




tenths, and find the last point to be 4 feet aboi'e the 
base line. ITie excavation we find at the top to be 
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110 feet from the point at e, and at the bottom, e, or 
second survey, 100; this will make the slope de, and 
complete the area c d e. 

The depth of excavation can be ascertained by the 
difference of the elevations. 

For instance, the depth of cutting 80 feet from tiie 
station c equals the ditterence of the elevaiiona 41 
and lO'S = 6-4; the cutting then at 80 feet distance 
is 6 feet 4 tenths. The reminder of the area is 
ascertained in the same manner. In the notes the 
sign of + is annexed to the sights when above the 
base line of levels, and — when below. 

If in two corresponding ^ghts or elevations, one 
should, be below the base Tine of levels and the other 
above, the depth of excavadons would equal their sum, 

If in two corresponding sights or elevations, both 
should be below the base line of levels, their differ- 
ence would equal the depth of excavation; if both 
should be above, their difference would equal the 
depth of exeavalJoDS. 



HoTK. — All horizontal measurements, with, a tape or chain, 
either iq measnring for cross sections or land, should be 
meaeurtd perpendicular to the center of the earth. 

The area of the cross sections (Fig. 9) is eaaly 
determined, as the original elevations and final eleva- 
tions correspond in their distance fi*om the station e. 
It is not always that cross sections can be taken with 
equal distances (10, 20, 30 feet, See.) from the statjon, 
as the ground may be very irregular both in the 
original and final measurement. The area of the 
section is ascertained by calculating the area of the 
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oiiginal measurement to the base line of levels, and 
the area of the final lueasurcment to the base line of 
levels; the difference of these areas would be tie 
area of the section. 

Fisr. 10. 




For example, lo ascertain the area of section a b 
C (Pig. 10.) 
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Instead of the distances 10, 20, 30, Ac, from the 
station at c, we have been obli^d (on account of the 
unevenness of ground) to measure the distances 10, 
25, 42, 65, 81, 100 and 120 from the station c, and 
inthefinal the distances 15, 50, 60, 77, 100 and 110. 
In this case the depth of excavation cannot be ascer- 
tained, but the area is easily found. 

We wish to get the area of the section ab e. By 
computing the area b c d e, and area 6 e rf c a, the 
difference of their areas would equal the area ab c 

The manner of keeping original cross section hook 
and final cross section book, is amilar. For example, 
Tve will arrange Fig. 9 and Fig. 10, supposing that 
Fig. 9 = stations 1, and Fig. 10 = stations 1 + 30. 



Stations 1. 

f 3'0+ S-<l-l-fi-0+ J-2+ 8-3 y 8-2+ e-3+ 1 

10 20 30 40 50 60 70 
Station 1 + 20. 

!-2+ 2-6-). 3.i+ 2- 



10 25 12 65 81 100 120 

FISAL CROSS SECTIONS. 

Station I. 

;! Ia+ I'8+ 1-R+ 2'i-i- 2-2+ 2S+ 33+ 37+ 41+ 4-2+ 40+ 

10 20 30 40 50 60 70 80 90 100 
Station 1 + 20. 

i- l'3+ 2-0+ 1-0+ 1-3+ 26+ 26+ 

15 50 60 77 100 no 
When the above is plotted, it forms the figures 
and 10. 

The number of cubic yards contained betwei 
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these two figures (according to the present mode of 
caJculiUion) is equal to one-half the sum sf their 
arens, multipUed by the distance they are apart, (20 
feet,) and the quotient divided by 27. 



MENSURATION OF SURFACES. 
To find the area of a right-angled triangle. 

Multiply one-half the base by the perpendicular 
Leight, equal the area. 

To find the area of a triangle. 

Multiply the base by the perpendicular let fall on 
lo it from the opposite angle, and one-half the product 
equals the areri. 

To find the area of a triangle by its sides. 

From half the sum of the three sides subtract each 
ade separately; tlien multiply the half sum and the 
three remainders continually together, and the square 
root of the product will equal the area. 

To find the area of a rectangle or a square. 
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Multiply the perpendicular height by the length, 
equal the area. 

To find the area of a rhombus or a rhomboid. 

Multiply the length by the perpendicular distance 
let fall from its sides, equals the area. 
To find the area of a 



Multiply one-half the sum of the parallel sides by 
the perpendicular, equals area. 
To find the area of a trapezium. 

Multiply the diagonal by the sum of the two per- 
pendiculars falling upon it from the opposite angles, 
and half the product equals area. 

To find the area of a regular polygon. 

Multiply one of its sides into half its perpendicular 
distance from the center, and this product into the 
number of sides, equals its area. 

To find the area of an irregular polygon. 

Draw diagonals (o divide the figure into trapeziums 
and triangles; find the area of each separately, and 
the sum of the whole equals area. 
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To find tbc area of a long irregular figure, bounded 
OD one side by a straight line, (Figs. 9 and 10 on bor- 
rowing pits.) 

Multiply one-half the sumof each succeeding height 
by their distance aparl^ the product will be the area 
betwopn the two heights, the suta of all the areas 
will equal the area of the figure. 

To find tlie area of a circle when the diameter and 
circnmference are both known. 

Multiply the square of the diameter by -7854, or 
the squai-e of the circiimferenoe by -07958; or mulli- 
ply the circumference by the diameter, and divide 
the product by 4, will equal area ; or one-half the 
circumference by one-half tlie diameter. 

To find the area of a sector of a circle. 

Multiply the length of the arch by the radius of 
the circle, and half the product will equal the area, 
(nearlj'.) 

To find the area of a segment of a circle. 



Multiply the versed sine by the decimal -626 ; to 
the square of the product add the square of half the 
chord; multiply twice the square root of the sum by 
two-tl[irda of the versed sine, will equal area. 



To find the area of an ellipsis. 
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Multiply the transverse or longer diameter by the 
conjugate or shorter diameter, and by '7854,* will 

To find the area of a circular ring or space included 
between two concentric circles. 



Add the inside and outside diameters together, 
multiply the sum by their differences, and by '7854, 
will equal area. 

To find the area of a parabola or its segment. 

Multiply the base by tJie perpendicular height, 
and two-thirds of the product equals area. 



MENSURATION OF SOLIDS. 
To find Ihe solid contents of a cyKnder. 

Muliiply the area of the base by the height of the 
cylinder, and the product b the solid contents. 
To find the solid contents of a cone or pyramid. 

' The area of a circle whose diameter is 1 = 0-7854. 
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Multiply the area of the base by the perpendicular 
height, aud oati-third of the product will equal tlie 
solid contents. 

To find the solid contents of a frustum of a cone. 

To the product of the diameters of the two ends 
add the sum of their squares; multiply this sum by 
the perpendicular height, and by •2018;* the pro- 
duct equals contents. 

To find the solid contents of a frustum of a pyraniid. 

To the sum of the ari'its of the two ends add lie 
square root of their product; multiply this sum by 
the perpendicular height, and one-third of the pro- 
duct equals the contents. 

To find the solidity of a wedge. 

To the length of the wedge add twice the length 
of the base; multiply that sum by the height, and 
by the breadth of the base, and one-sixth of the pro- 
duct equals contents. 

To find the solid contenls of a prism. 

Multiply the area of the base by the length, equals 
contents. 
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To find the solid contents of a sphere or globe. 

Multiply the cube of the diameter by '5236; the 
product equals contents. 

To find the solid contents of the segment of a 
sphere. 

Add the square root of the height to three tinaes 
the square of the radius of the base; multiply that 
sum by the height, and by -5236; the product is 
the contents. 

To find the solidify of a spheroid. 



Multiply the square of the least diameter by the 
length of the greatest diameter, or a line drawn per- 
pendicular to the least diameter, and by ■5236; the 
product will he the solidity. 

To find the solidity of a segment of a spheroid, 
when the base is circular or parallel to the revolving 
t>^ia or least diameUir. 



From triple the fixed axis take double the height 
of the segment; multiply the difference by the square 
of the height, and by -oZSQ. Then say, as the square 
of the fixed axis is to the square of the revolving 
axis, so is the former product to the solidity. 

To find the solid contests of a cylindric ring. 
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To the thickness of the ring add the inner diame- 
ter ; multiply that sum by the square of the thick- 
ness, and by 2-4674; the product will be the soUd 
contents. 

To find the superficial contents of a board or 
plank. 

Multiply the length by tho width. 
If the plank or board are of an unequal breadth 
at the ends. 

Multiply the average width of the ends by the 
length. 
To find the solidity of timber. 

Multiply the length in feet by the square of one- 
fourth ttie ^rth iu inches, ^ves the solidity in cubic 
feet. 

Note. — Tke above rules Ho. 19 and 13 only apply when all 
the dimenaiona are in feet. When either the length or 
breadth are given ia inches, divide by 13, when all the di- 
mensions are given in iuohes, divide by 144. 

Application to the table of flat or board measure. 

Multiply the length by the number in the table 
corresponding to any given width. 

Example. — Given a board 16^ feet in length and 
9f inches in breadth. 

The number in the table opposite 9f inches = 
■812o X 16i= 13-4 square feet 
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Application of tlie table of tlie solidity of timber. 

Multiply the area corresponding to the quarter 
^rth in inches by the length in fept. 

Example. — Given a piece of timber 20 feet long 
and 12 inches square. 
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BITION OF SOUDS. 



l^J:^ " 


Z,'° 


'.^s:! 


X"> 


'AtH' 


^uM"" 


6 


250~ 


lai 


I04J 


^19 " 


2-506 


6i 


273 


12j 


lOas 


19i 


2-640 


H 


ao4 


lal 


1139 


JO 


2-777 


4 


317 


13 


1174 


30i 


2917 


7 


340 


13J 


1-219 


ai 


3069 


u 


364 


134 


lats 


ail 


3-209 


p 


390 


13| 


1313 


2a 


3362 


417 


14 


1361 


•ii 


3-516 


414 




1410 




3673 


8i 


473 




1460 


23i 


3-835 


P 


501 




1511 


24 


4-000 


531 


15 


1562 


24* 


4-163 




563 


IH 


1615 


35 


4-340 


H 


5S4 


m 


1668 


25J 


4-516 


H 




151 


llii 




4-694 


n 


659 


IB 


1777 


"'i 


4-876 


lo' 


691 


l(ii 




27^ 


5-(J62 


10 


730 


16* 


1890 


37i 


5-352 


10 


766 


161 


U4S 


as 


5-444 


10 


803 




3006 


a'li 


5-640 




840 




->0b6 


29 


5-340 


Hi 


878 


171 
17| 


913C 


2"* 


6-044 


Hi 
11} 


918 


9ia7 


30 


6-a50 


959 


18 


9250 






13 1 


000 


181 


2376 







Scantling is measured the se 
multipljLng the end area by tlie 1< 



. timber, by 
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84 KKffTNEEn'S POCKST COMPANIOlf. 

MISCELLANIES. 

The dimensions of the United States standard 
bushel are 18^ inches inside diameter, and 8 in. deep. 

A box 24 inches by 16 inches square, and 28 
inches deep, will contain a barrel, 5 bushels. 

A box 14 inches by 11 inches square, and H 
inches deep, will contain a half barrel. 

A box 26 inches by 152 inclies square, and 8 
inches deep, will contain 1 bushel. 

A bos 12 inches by 11'2 inches square, and 8 
inches deep, will contwn one-half bushel. 

A box 8 inches by 8-4 inches square, and 8 inches 
deep, will oontajn 1 peck. 

A box 8 inches by 8 inches square, and 4-2 inches 
deep, will contain 1 gallon. 

A box 7 inches by 8 inches square, and 48 inches 
deep, will contain one-half gallon. 

A box 4 inches by 4 inches square, and 4-1 inches 
deep, will contmn 1 quart 

To get the number of bushels in any square crib. 

Find the number of cubic feet in the same, and 
multiply it by 8 and divide it by 10. 

Any area in feet multiplied by 6'232, the product 
is the number of imperial gallons at one foot in 
depth; or any area in inches multiplied by 0'4328 => 
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MISCELLANIES. 



Any area multiplied by -03704 = the number of 
cubic yards at one foot in depth. 

To determine the amount of imperial gallons in a 
vessel, the shape of an inverted cone. 



The square of the sum of the diameter at the top 
and bottom, of which subtract the quotient of the 
top and bottom; multiply the reminder by -7854, 
and by one-third the depth = cubic feet; and by 
6-232 = imperial gallons. 

NoTB.— Thia rule applies where the dimeiiBionB are all 
given in feet, 

2d. To the product of the inner diameters add the 
squares of the inner diameters; multiply the remain- 
der by the depth, and by ■2618; divide that by 
277'274 = gallons, (nearly.) 

Note. — This rule applies where the diniecsiojis are given 
in iuches. 

To determine the contents of imperial gallons in 
a kiittle forming the segment of a circle. 



Three times the square of half the diameter in 
inches at the mouth, added to the square of the depth, 
and multiplied by the depth, and by 'S^SC; divide 
their product by 277-274, equals imperial gallons. 
' The area of a circle in inches, multiplied by the 
length or thickness in inches, and by -263, equals the 
weight of cast iron in pounds. 
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EN&INBEUa POCKET COMPASION. 



iches, and the United States gall( 

Englhk Dry Measure. 
8'665 cubic inch.es = 1 gill. 



34'659 
69-318 
277-274 
554-548 
1-2837 



- 1 piDt. 

= 1 quart. 
^ 1 gallon. 

- 1 bushel. 



English Imperial Wine Measure. 
1-604 cubic feet = 1 anker. 



2-888 
6-739 
10-109 
3-478 
20-218 
40-435 



= 1 hogshead. 
=■ 1 puncheon, 
- 1 pipe. 



Di 



Wove Antiqi 
Double"' 

Atlas 2 

Columbier, 2 

Elephant, 2 

Imperial, 2 

Super Royal, 3 

Royal, 2 

Medium, 1 

Demy, 1 



of Drawing Paper. 
4 feet 4 inches by 3 feet 7 inches 
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of Calculating the ^atwral Sim 
Voaines in the Table. 



and 



Tlie radius of a circle being 1, it is known the 
semi-circumference will equal 3-1415926535898, Ac 
Therefore if we divide it by the number of minutea 
in a semi- circumference (10800) it will equal the 
siae of 1 minute = -0002909 the first sevea places 
ill the table. 

The natural cosine equals /(Ursine') = -999999- 
9577. 

The natural sine and cosine ^ven, tlie statement 
would be as follows: 





2 cosine 1' x sine 1 
2 " r X " 2 
2 " 1' X " 8 
2 " 1' X " 4 


— 0' = sine 2' minute. 


This process can be run to any extent. 


With the sine of one minute, and cosine of one 
minute given, statement second would be as follows: 


1' 

2' 
3' 
4' 


sine 2'— sine 1' : 
" 8' — " 1' : 
" 4' — » 1' : 
» 6' — " r : 


. " 8' 4- " 1' : " 4' 
: " 5' + " 1- : " 6' 


The same statement can be applied for degrees: 
Thus: 


<Scc 


l°:sine2° —sine 


°::siae2''+sinel°:ane3° 
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88 ENOIKEBa 3 POCKET C0MP4NI0S, 

The natural ane of any number of degrees of de 
flexion with chords of 100 ft^ may be found by 
dividing the chord by the radius corresponding U) 
the angle of deflexion in tbc tabic of radii. 

Example. — Given the deflexion angle 3°, radius 
corresponding in the table of radii would equal 1910 
feet and chord 100 feet. 

-100 -i- 1910 = 0-052356, natural 
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HATURAL SINES AND TANGENTS 

TO A RADIUS 1. 
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